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31232328 ' A re?ection mirror using a liquid crystal cell is dis 
Fukai et'aL ' closed. A ?rst thin ?lm consisting of one of magnesium 
Spoke] ___________________________ " 350/339 R di?uoride, silicon dioxide, silicon monoxide or titanium 
Janning ............................. .. 350/341 dioxide is formed on a glass substrate supporting the 
Golden . liquid crystal cell and a thin aluminum ?lm is formed on 
Engstrom et al- - the ?rst thin ?lm as a re?ection mirror layer. Adhesive 
HYB" _ ness of the thin aluminum ?lm to the glass substrate is 
Dunga“ 6‘ al- ' strengthened by the ?rst thin ?lm. A second thin ?lm is 

¥:t§hl:°:1' 350/334 X formed on the thin aluminum ?lm to protect the same 
Begin? a """""""""" " from being hurt. The re?ection mirror may be used as a 
Malvano _ ' ' dazzle-free re?ection mirror of an automotive vehicle. 

Jacob . 
Washizuka et a1. ............... .. 350/338 7 Claims, 8 Drawing Figures 
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AUTOMATIC ANTIDAZZLE SEMITRANSPARENT 
MIRROR 

RELATED APPLICATIONS 
The following listed applications (including this one) 

are related in that they pertain to the same general art 
(dazzle-free mirrors). However, each of the applications 
speci?cally pertains to and claims different aspects of 10 
that general art. There is a line of demarcation among 
the claims of all of these applications: ITOH et al, Ser. 
No. 670,015, ?led Nov. 9, 1984; ITOH et al, Ser. No. 
616,185, ?led June 1, 1984; ITO et al, Ser. No. 593,946 
?led Mar. 27, 1984; OI-IMI et al, Ser. No. 671,612 ?led 
Nov. 15, 1984; ITOH et al, Ser. No. 701,224, ?led Feb. 
13, 1985; and SUZUKI et al, Ser. No. 704,401, ?led Feb. 
22, 1985. 

BACKGROUND OF THE INVENTION 
The present invention relates to a re?ection mirror 

which electrically controls re?ectivity or transmittivity 
of light thereof by the use of a liquid crystal. 
The re?ection mirror may be used as an interior room 

mirror, exterior side mirror or the like of an automotive 
vehicle. 

In a conventional re?ection mirror, chrome has been 
vapor-deposited on a rear surface of a glass substrate to 
form a re?ection ?lm. Re?ectivity of light of the con 
ventional re?ection mirror with the chrome ?lm, how 
ever, could be increased at most to about 50% even if 
the chrome ?lm is thickened enough. 

It has been suggested to increase the re?ectivity of 
light to as high as 80%-90%, for instance, by the use of 
aluminum. It was disadvantageous, however, that alu 
minum ?lm peels off because of insuf?cient adhesive 
ness thereof to the glass substrate when aluminum is 
vapor-deposited directly on the glass substrate. 
To overcome the disadvantage, it has been suggested 

in the Japanese publication, “Journal of Applied Phys 
ics, vol. 29, No. 3, page 141", that chromel be used 
between the glass substrate and the aluminum ?lm to 
improve adhesiveness of the aluminum ?lm to the glass 
substrate. 

It was still disadvantageous, however, in the follow 
ing points. (1) Total re?ectivity of light cannot be in 
creased suf?ciently high even if the aluminum ?lm is 
formed on the chromel ?lm, since re?ectivity and trans 
mittivity of light of chromel is low as chrome is. (2) 
Chromel cannot be vapor-deposited on a liquid crystal 
cell since, when chromel is vapor-deposited on a rear 
surface of the glass substrate used to support the liquid 
crystal cell in which a pair of transparent electrodes, a 
pair of orientation ?lm sand a liquid crystal, the orienta 
tion of the orientation ?lms is disturbed by the tempera 
ture at the vapor-depositing. 
The second disadvantage (2) is explained hereinunder 

in more detail. The re?ection mirror using the liquid 
crystal cell used as a dazzle-free interior room mirror of 
an automotive vehicle, for instance, is manufactured in 
general in a series of processes shown in FIG. 8. 

Firstly, at a step 100, soda glass is cut in a shape of 
transparent glass substrate. At a step 102, a transparent 
conductive ?lm is formed on the glass substrate as an 
electrode. The transparent conductive ?lms used in 
dium tin oxides in which weight percentage ratio be 
tween 111203 and SnOz is 95:5 and are formed to ?lm 
thickness of 1000 A by an electron beam under 350° 
C.-400° C. and oxygen partial pressure of 
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2 
l X l0—1Pa— 5 X lO~ZPa. Next, at a step 104, acid-resist 
ant resist ink is printed on the transparent conductive 
?lm over a whole range corresponding to a dazzle-free 
portion so that a masking is provided. At a step 106 
thereafter, the substrate with the transparent conduc 
tive ?lm is dipped for two minutes under temperature of 
45° C. in a ?uid solution mixture of concentrated hydro 
chloric acid and water in 1:1 ratio so that surrounding 
portions of the transparent conductive ?lm correspond 
ing to a sealing portion is removed therefrom. At a step 
108, the resist ink is removed by the use of organic 
solvent, trichloroethylene. Then, at a step 110, orientat 
ing processing is done to orient the liquid crystal paral 
lelly. In the orientating processing, polyimide solution is 
slushed by a spinner at 3500 rpm and thereafter the 
substrate is maintained at temperatures of 300° C. for 30 
minutes and 400° C. for 30 minutes and ?red thereby to 
form an orientation ?lm on the conductive ?lm. Then 
rubbing the orientation ?lm is done by the use of chemi 
cal ?ber cloth to provide orientation of liquid crystal 
?lled in later. At a step 112, sealing material is printed 
on side portions by the use of epoxy resin. Further, at a 
step 114, glass ?ber particles in particle diameter of 10 
pm are spread as spacers on the orientation ?lm. At a 
step 116, a pair of glass substrates each being processed 
as abovedescribed are put one upon another in parallel 
and maintained under temperature of 100° C. for 2 
hours for bonding so that a liquid crystal cell is pro 
vided. At a step 118, a re?ection ?lm is vapor-deposited 
on the other end surface of one of the transparent glass 
substrates to form a mirror surface thereat. At a step 
120, liquid crystal is ?lled in an inner space of the liquid 
crystal cell by a decompressed injection process. At a 
step 122, an injection opening is sealed with epoxy ad 
hesive. 
As described above, forming the mirror surface is 

done after the orientating process. This is for the reason 
that, if forming the mirror surface is done before the 
orientation process, the mirror surface formed before 
hand might be hurt in later processes such as the orien 
tating process, it might be hurt when the glass substrate 
is attached to holding jigs for the orientating process, 
for instance, and the mirror surface might become un 
even. Therefore, forming the mirror surface must be 
done after the orientating process. 

Here, it has been found experimentally that, when the 
liquid crystal cell obtained after the orientating process 
is heated to above 160° C., the orientation is disturbed. 
This means that temperature of the substrate must be 
maintained below 160° C. at least in the process of form 
ing the mirror surface. In the case of forming the mirror 
surface of metals such as chrome, chromel of alumi 
numby vapor-depositing in a vacuum, however, it is 
generally considered to heat the substrate to tempera 
ture as high as 200' C.-300° C. so that adhesiveness of 
the metal ?lm to the substrate is increased. Therefore, 
the abovedescribed metals cannot be used for forming 
the mirror surface in the case of the re?ection mirror 
using the liquid crystal cell in which the mirror surface 
must be formed below temperature of 160° C. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a re?ection 
mirror using a liquid crystal cell in which aluminum is 
used for a re?ection ?lm forming a mirror surface and is 
adhered to'a glass substrate for supporting the liquid 
crystal cell without in?uencing the liquid crystal cell. 
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According to the present invention, adhesiveness of 
an aluminum ?lm to a glass substrate is improved by 
using one of magnesium di?uoride, silicon dioxide, sili 
con monoxide or titan dioxide between the aluminum 
?lm and the glass substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a cross-sectional view showing a re?ection 

mirror according to a ?rst embodiment of the present 
invention; 
FIG. 2 is a graph showing a relation between a volt 

age applied to a liquid crystal cell and a transmittivity of 
light having passed re?ection mirror according to the 
?rst embodiment; 
FIG. 3 is a circuit diagram showing a driving circuit 

for the re?ection mirror according to the ?rst embodi 
ment; 

FIG. 4 is a timing chart showing waveforms of sig 
nals produced in the driving circuit shown in FIG. 3; 
FIG. 5 is a graph showing relations between thick 

ness of aluminum ?lm and re?ectivity of light of the 
re?ection mirror according to the ?rst embodiment; 
FIG. 6 is a cross-sectional view showing partly a 

re?ection mirror according to a second embodiment of 
the present invention; 
FIG. 7 is a cross-sectional view showing partly a 

re?ection mirror according to a third embodiment of 
the present invention; and 
FIG. 8 is a ?ow chart showing a series of prior art 

processing steps for manufacturing the re?ection mir 
ror. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will be described with refer 
ence to various embodiments. In the described embodi 
ments, a re?ection mirror is used as a dazzle-free reflec 
tion mirror of an automotive vehicle. Of course, other 
uses come within the scope of the invention as de?ned 
by the claims. 
FIG. 1 is a cross-sectional view showing the structure 

of the dazzle-free re?ection mirror according to the ?rst 
embodiment of the present invention. The re?ection 
mirror primarily comprises an attachment 1 for attach 
ing the re?ection mirror to a vehicle ceiling (not 
shown), a light-shielding frame body 2 supported by the 
attachment 1, a pair of glass substrates 3a and 3b. a 
liquid crystal cell 50 sandwiched between the glass 
substrates 3a and 3b for controlling the transmittivity of 
light, a semitransparent or half mirror 8, a photo diode 
10 for detecting intensity of light incident thereto and a 
driving circuit 9 supported within the frame body 2 for 
driving the liquid crystal cell 50 in accordance with the 
detected intensity of light. It should be noted here that 
the liquid crystal cell 50 and the semitransparent mirror 
8 could be manufactured in a conventional method 
shown in FIG. 8. 
The photo diode 10 is provided behind the semitrans 

parent mirror 8 as a photo sensor for detecting the light 
having passed through the liquid crystal cell 50 and the 
semitransparent mirror 8. The photo diode 10 is sup 
ported on a substrate 91 supporting the driving circuit 9 
thereon. The driving circuit 9 is supplied with the elec 
tric power from a battery mounted on the automotive 
vehicle through power supply cables 92. 
The liquid crystal cell 50 sandwiched between the 

glass substrates 3a and 3b has, as seen from the light 
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4. 
incident side or front side, a transparent electrode layer 
4a consisting of ITO (Indium Tin Oxide), an orientation 
?lm 50 for orientating liquid crystal parallelly, a liquid 
crystal layer 6 consisting of the nematic liquid crystal 
for generating DSM (Dynamic Scattering Mode), an 
orientation ?lm 55b and a transparent electrode layer 
4b. The liquid crystal cell 50 is structured to generate 
dynamic scattering upon an application of an electric 
voltage across the electrodes 40 and 4b and control the 
transmittivity of light incident from the glass substrate 
3a therethrough so that the total re?ectivity of light of 
the whole re?ection mirror is electrically controlled. 
Thickness of the transparent electrode layers 40 and 4b 
was set to 1000 A whereas thickness of the liquid crystal 
layer 6 was set to 10 pm. 
The half mirror 8 which is manufactured at the step 

118 has a ?rst transparent thin ?lm layer 8a formed on 
the rear side surface of the glass substrate 3b, a thin 
semitransparent re?ection layer 8b and a second trans 
parent thin ?lm layer 80. The ?rst thin ?lm layer 8a was 
formed by vapor-depositing magnesium di?uoride 
(MgFz) to the thickness of 1300 A by the electron beam 
under substrate temperature of 150° C. The semitrans 
parent re?ection layer 8b was formed by vapor-deposit 
ing aluminum to the thickness of 350 A under substrate 
temperature of 150° C. The second thin ?lm layer 8c 
was formed by vapor-depositing“ magnesium di?uoride 
(MgF2) to the thickness of 700 A under substrate tem 
perature of 150° C. The semitransparent mirror 8 manu 
factured in the above-described manner had 55% in 
re?ectivity of light and 8% in transmittivity of light. 
This transmittivity of light is higher by 8 times than the 
transmittivity 1% of chrome. The adhesiveness of alu 
minum to the glass substrate 3b is increased and, since 
the surface thereof is protected by the second thin ?lm 
layer 8c, it is prevented from peeling off and being hurt. 
FIG. 2 is a graph showing a relation between the 

voltage applied to the liquid crystal cell 50 and the 
transmittivity of light measured by detecting the light 
having passed through the semitransparent mirror 8 in 
the dazzle-free re?ection mirror according to the ?rst 
embodiment. As will be understood from the graph, the 
transmittivity of light of the liquid crystal is at the maxi 
mum value and the rate of light passing through the 
semitransparent mirror 8 is at about 8%, when no volt 
age is applied. It will be also understood that, with the 
voltage of about 20 volts, the transmittivity of light is 
decreased to 4% because of the dynamic scattering 
effect which changes the transmittivity of light passing 
through the semitransparent mirror 8. 
To evaluate the in?uence of the thickness of the ?rst 

thin ?lm layer 80 on the re?ectivity of light, the ?rst 
thin ?lm layer 80 and the semitransparent re?ection 
layer 8b were varied in the first embodiment. The result 
of the experiment is shown in FIG. 5 in which the re 
?ectivity of light of the re?ection mirror is plotted with 
respect to the thickness of the semitransparent re?ec 
tion layer 8b with the thickness of the ?rst thin ?lm 
layer 8a as a parameter. As will be understood from 
FIG. 5, the thickness of the ?rst thin ?lm layer 8a had 
no substantial in?uence on the re?ectivity of light. This 
means that the re?ectivity of light is substantially de 
pendent only on the thickness of the semitransparent 
re?ection layer 8b. . 

It was also con?rmed that substantially the same 
result as in the abovedescribed ?rst embodiment could 
be obtained when magnesium di?uoride (MgFz) used 
for the ?rst and second thin ?lm layers 80 and 8c was 
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replaced by silicon dioxide (SiOZ), silicon monoxide 
(SiO) or titanium dioxide (T iOz). 
FIG. 3 is an electric wiring diagram showing the 

driving circuit 9 used in the ?rst embodiment. In view 
of the fact that the intensity of light detected by the 
photo diode 10 differs in dependence on whether daz 
zling of light is prevented or not, the intensity of light 
detected at the time of preventing dazzling of light 
becomes lower than that detected at the time of not 
preventing dazzling of light and, therefore, it is neces 
sary to change a switching point of the driving circuit 
for driving the liquid crystal cell 50. 
As shown in FIG. 3, an inverting input terminal of a 

comparator 18 is connected to receive, as a detection 
voltage, a voltage V1 at a connection between a resistor 
12 and the photo diode 10. A non-inverting input termi 
nal of the comparator 18 is connected to receive, as a 
reference voltage, a voltage V2 produced by dividing 
the battery voltage Vcc by a resistor 13 and a resistor 
14. On the other hand, a positive feedback resistor 17 is 
connected between the non-inverting input terminal 
and an output terminal of the comparator 18. The posi 
tive feedback resistor 17 is used, as is known well with 
respect to the operation of comparators, to provide a 
hysteresis characteristic so that the switching point 
thereof is changed. The output terminal of the compara 
tor 18 is connected to an exclusive-OR circuit 19 and an 
output terminal of the latter is connected to the trans 
parent electrode 4a of the liquid crystal cell 50. On the 
other hand, an output terminal of a pulse oscillator 200 
is applied to the exclusive-OR circuit 19. The output 
terminal of the pulse oscillator 200 is connected also to 
the transparent electrode 4b of the liquid crystal cell 50. 
The pulse oscillator 200 comprises C-MOS inverters 23, 
24 and 25, resistors 20 and 21 and a capacitor 22 which 
determine an oscillation frequency. 

Operation of the driving circuit 9 shown in FIG. 3 is 
described with reference to a timing chart of FIG. 4. 
The reference voltage V2 of the comparator 18 is set at 
the low and high voltages Vt2 and Vtl in response to 
the low and high levels of an output voltage V3 of the 
comparator 18, respectively. When the intensity of the 
light incident to the photo diode 10 increases gradually 
as shown in (a) of FIG. 4, the voltage V1 responsively 
decreases as shown in (b) of FIG. 4 and reaches the 
reference voltage Vt2 at a time t1. Then, as shown in (c) 
of FIG. 4, the output voltage V3 of the comparator 18 
becomes high at the time t1. With this high level voltage 
V3, the reference voltage V2 is set at Vtl. Dynamic 
scattering is generated with the alternating current volt 
age being applied to the liquid crystal cell 50 as de 
scribed later and, as a result, the intensity of the incident 
light detected by the photo diode 10 decreases by an 
amount A as shown in (a) of FIG. 4. Therefore, al 
though the voltage Vl increases correspondingly, it 
does not reach the level of reference voltage Vtl. Thus, 
the output voltage V3 of the comparator 18 is main 
tained high until the time t2. 
The pulse oscillator 200 produces, as shown in (d) of 

FIG. 4, an output voltage V4 in a rectangular waveform 
at a ?xed frequency. Accordingly the voltages V5 and 
V4 applied to the electrodes 40 and 4b of the liquid 
crystal cell 50 are in an opposite phase relation to each 
other by means of the exclusive-OR circuit 19 only 
when the voltage V3 is at the high level, and the voltage 
applied across the liquid crystal cell 50 changes as 
shown in (e) of FIG. 4. This means that the liquid crys 
tal cell is driven into the dazzle-free mode during the 
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6 
time period t1-t2 by the alternating current voltage. 
The time t2 indicates the time when the voltage V1 
produced by the photo diode 10 reaches the reference 
voltage Vtl due to decrease in the intensity of light 
incident to the re?ection mirror, that is, the time when 
the dazzle-free mode is terminated. 
A second and third embodiments of the re?ection 

mirror are shown in FIGS. 6 and 7, respectively, in 
which same reference numerals are used to designate 
the same or similar parts as in the ?rst embodiment 
shown in FIG. 1. 

In the second embodiment shown in FIG. 6, the ?rst 
thin ?lm layer 80 is formed on the front side surface of 
the glass substrate 3b and the semitransparent re?ection 
layer 8b is formed on the ?rst thin ?lm layer 8a so that 
the semitransparent re?ection layer 8a functions as one 
of the electrodes of the liquid crystal cell 50 as well. 

In the third embodiment shown in FIG. 7, a pair of 
liquid crystal cells 50 and 50' are stacked to each other 
to form a guest/host liquid crystal cell and the semi 
transparent mirror 8 are formed on the rear side surface 
of the glass substrate 3b of the liquid crystal cell 50' in 
the same manner as in the ?rst embodiment shown in 
FIG. 1. 
According to the present invention described herein 

above, capability of vapor-depositing aluminum is in 
creased and peeling off is prevented by virtue of the ?rst 
thin ?lm layer. Further, by virtue of a second thin ?lm 
layer, hurting an aluminum ?lm surface is prevented. 
The sensitivity in detecting a dazzle-free condition is 
increased and the re?ection image in the dazzle-free 
condition becomes more clear with the semitransparent 
mirror layer being used for the dazzle-free re?ection 
mirror. 
What we claim is: 
1. A re?ection mirror comprising: 
a glass substrate; 
a liquid crystal cell supported on said glass substrate 

for changing transmittivity of light incident thereto 
in accordance with an electric voltage applied 
thereto; 

a ?rst thin ?lm formed on said glass substrate and 
consisting of one of magnesium di?uoride, silicon 
dioxide, silicon monoxide or titanium dioxide; 

a thin aluminum ?lm on said ?rst thin ?lm forming a 
semitransparent mirror surface which transmits a 
portion of and re?ects a portion of the light inci 
dent thereto through said liquid crystal cell; 

a photo sensor positioned behind said thin aluminum 
?lm for detecting an intensity of the light incident 
thereto through said liquid crystal cell and said thin 
aluminum ?lm; 

a driving circuit connected to said photo sensor for 
applying said electric voltage to said liquid crystal 
cell in accordance with the intensity of the light 
detected by said photo sensor; and 

a light shielding body encasing therein said glass 
substrate, said liquid crystal cell, said ?rst thin ?lm, 
said thin aluminum ?lm and said photo sensor. 

2. A re?ection mirror according to claim 1, wherein 
said liquid crystal cell includes a liquid crystal layer and 
,a pair of orientation ?lms sandwiching said liquid crys 
tal layer therebetween and is positioned adjacent to said 
thin aluminum ?lm so that said liquid crystal cell is 
applied with said electric voltage through said thin 
aluminum ?lm. 

3. A re?ection mirror according to claim 1, wherein 
said liquid crystal cell is positioned adjacent to one side 
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surface of said glass substrate and said ?rst thin ?lm is 
formed on the other side surface of said glass substrate. 

4. A re?ection mirror according to claim 3, wherein 
said liquid crystal cell includes a liquid crystal layer, a 
pair of orientation ?lms sandwiching and liquid crystal 
layer therebetween and a pair of electrode ?lms sand 
wiching said orientation ?lms therebetween. 

5. A reflection mirror according to claim 3 further 

comprising a second thin ?lm formed on said thin alumi 
num ?lm for protecting said thin aluminum ?lm and 
consisting of one of magnesium di?uoride, silicon diox 
ide, silicon monoxide or titanium dioxide. 

6. A re?ection mirror according to claim 1, wherein 

said driving circuit includes: 
means for comparing the detected intensity of light 

with a reference level and producing a ?rst and 
second output indicative of the detected intensity 
of light being higher and lower than the reference 
level, respectively; 

means for applying said electric voltage to said liquid 
crystal cell in response to the ?rst output of said 

comparing means; and 
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8 
means for increasing and decreasing the reference 

level in response to the second output and the ?rst 
output of said comparing means. 

7. A re?ection mirror for a vehicle comprising: 
a light shielding frame body attached to a vehicle 
body and having an opening therein; 

a glass substrate provided within said frame body; 
a thin intermediate ?lm formed on said glass substrate 

opposite to said opening of said frame body and 
consisting of one of magnesium di?uoride or tita 
nium dioxide; 

a thin semitransparent metal ?lm formed on said in 
termediate ?lm for re?ecting and passing there 
through the light incident thereto through said 
opening of said frame body; 

a photo sensor positioned behind said metal film 
within said frame body for detecting an intensity of 
light passed through said metal ?lm; 

an electric circuit connected to said photo sensor for 
determining a desired re?ectivity of light at said 
metal ?lm in accordance with the detected inten 
sity of light; and 

means provided within said frame body and driven by 
said electric circuit for adjusting the re?ectivity of 
light to the desired re?ectivity determined by said 
electric circuit. 
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